Background: Studies conducted in Western countries suggest that early age at menarche and early age at menopause are both associated with increased total mortality, but limited data are available for Asian populations. We examined associations of age at menarche and natural menopause and duration of the reproductive span with mortality in a population-based cohort study of Chinese women.
Introduction
The interval between menarche and menopause defines a woman's natural reproductive span [1] . Due to exposure to different hormonal environments, early or late onset of these events may be associated with an increased risk of many chronic health problems. Early menopause has been associated with increased risk of mortality from all causes [2] [3] [4] , cardiovascular disease (CVD), and coronary heart disease (CHD) [4] [5] [6] [7] , but has not been associated with mortality from stroke or ischemic heart disease (IHD) [4, 8] . Early menarche has been associated with increased risk of mortality from all causes and CVD [9] [10] [11] . Other than CVD, few studies have examined the association of age at menarche and menopause with cause-specific mortality, and the results have been inconsistent [3, 4] .
These findings are primarily based on studies conducted in Western populations. The few studies conducted among Asian women [12] [13] [14] [15] were limited by one or more of the following factors: small sample size, focused only on cardiovascular causespecific mortality, included only one component of reproductive information (e.g., age at menarche or age at menopause), no adjustment for other menstrual variables, or inadequate information on the cause of menopause. For example, Cui et al. found no statistically significant association of age at menarche, age at menopause, or number of reproductive years with mortality from CVD in a prospective study of 37,965 Japanese women [16] . Among 2,685 Korean women, Hong et al. observed that early menopause was associated with increased risk of mortality from all causes, CVD, and cancer [17] . Asian women, including Chinese women, have different menstrual and reproductive patterns as well as different lifestyle factors compared with women living in the United States and other Western countries. It is unclear whether menstrual characteristics are associated with mortality among Asian women.
The objective of the present study was to examine the effects of age at menarche, age at natural menopause, and the duration of the reproductive span on total and cause-specific mortality among women who participated in the Shanghai Women's Health Study, a large, population-based cohort study conducted in China.
Methods

Ethics Statement
All participants provided written informed consent, and the study protocols were approved by the Institutional Review Boards of Vanderbilt University and the Shanghai Cancer Institute.
Study population
The Shanghai Women's Health Study is an ongoing, populationbased, prospective cohort study, which enrolled 74,941women aged 40-70 years in 7 urban districts of Shanghai between 1997 and 2000 (participation rate: 92%). An in-person interview was conducted at baseline at an in-home visit, using a structured questionnaire to collect information on demographics, dietary habits, physical activity, occupational history, personal habits, history of chronic disease and surgery, family cancer history, reproductive history, and hormone use. Anthropometric measurements, including height, weight, and waist and hip circumferences, were also taken at baseline by trained personnel using standardized protocols. Details of the baseline survey have been published elsewhere [18] .
Three biennial in-person follow-up surveys were conducted for all living cohort members at in-home visits conducted between 2000 to 2002 (response rate: 99.8%), 2002 to 2004 (response rate: 98.7%), and 2004 to 2007 (response rate: 96.7%) to collect information on occurrence and mortality from cancer, CVD, and other chronic diseases. The outcome information was supplemented by annual linkage to the population-based Shanghai cancer and vital statistics registries, which routinely collect data on vital status and cancer diagnosis. The out migration rate in Shanghai is extremely low, and thus, our follow-up for survival status for the study is virtually 100%.
At the time of enrollment, 37,168 participants (49.6%) were postmenopausal. We excluded from the analysis all women with missing data on menarche (N = 3); body mass index (BMI) or waist-to-hip ratio (WHR) (N = 16); women who were lost to followup shortly after study enrollment (N = 6); were menopausal due to hysterectomy, ovariectomy, or other causes (N = 4,114); or had ever used hormone replacement therapy (HRT) (N = 1,074). Thus, 31,955 women (42.6% of all participants and 85.9% of postmenopausal women) who experienced natural menopause were included in the current study.
Menstrual variables
At baseline, each participant was asked her age at the time of her first period, which was recorded as age at menarche. Menopausal status was defined based on the World Health Organization's definition of menopause as the absence of menstruation for $12 months. The age at which menopause occurred and the reasons for its occurrence (natural menopause, hysterectomy or ovariectomy, or another cause) were recorded at baseline. The number of reproductive years (i.e., the ''reproductive span'') was then calculated as the interval between age at menarche and age at menopause.
Outcome definition
The outcome for this study was death from any cause that occurred after the baseline survey but before December 31, 2009 
Measurement of selected potential confounders
Socio-demographic information collected at baseline using the structured questionnaire included age at study enrollment (years), level of education (none, elementary school, middle school, high school, college or above), occupation (professional, clerical, manual laborer, housewife/retired), family income in yuan/year (,10,000; 10,000-19,999; 20,000-29,999;.30,000), marital status (yes: married; no: single, widow, divorced, separated), current smoking (yes, no), current drinking (yes, no), age at menarche (years), age at menopause (years), and number of live births. BMI (kg/m 2 ) was calculated from weight (kg) and height squared (m 2 ). WHR was calculated from waist circumference (cm) and hip circumference (cm). Physical activity was measured in metabolic equivalents (MET-h/day/year) based on a validated physical activity questionnaire [20] .
Statistical analyses
Person-years of follow-up for each participant were calculated from the date of the baseline interview through the date of death or December 31, 2009. Women were divided into quintiles of menstrual variables based on their distributions in the study population. The following menstrual variable categories were used as the reference groups in the analyses: aged 15 years for age at menarche, aged 48.80-50.15 years for age at natural menopause, and 30.16-32.45 years for number of reproductive years. These reference groups were chosen because they cover the medians of each menstrual variable (i.e., age at menarche, 15 years; age at natural menopause, 49.58 years; and number of reproductive years, 31.33 years).
Selected demographic and other factors were compared across categories of age at menopause, using analysis of variance (ANOVA) for continuous variables and chi-square tests for categorical variables. Cox proportional hazards models stratified by birth calendar year were employed to estimate hazard ratios (HR) and their 95% confidence intervals (95% CIs) for each group of menstrual variables adjusting for age at study enrollment (years), education (4 categories), occupation (4 categories), income (4 categories), marital status (yes/no), BMI (kg/m 2 ), WHR (continuous), regular exercise (met/hour/year), current smoking (yes/no), current alcohol consumption (yes/no), number of live births, age at menarche (years, included in the Cox models for age at menopause and reproductive years), and age at menopause (years, included in the Cox models for age at menarche). Linear trends were tested across categories of menstrual variables by modeling the median values in each category.
SAS (version 9.2, SAS Institute, Inc., Cary, NC) was used in all analyses and two-sided P-values ,0.05 were considered statistically significant. 
Results
Women in the lowest quintile for age at menopause were more likely to be current smokers, current alcohol drinkers, and not married and to have lower household income; they were less likely to have a professional job; and they had fewer live births compared with other groups. Women in the highest quintile for age at menopause were older, were more likely to exercise regularly, were younger at menarche, had higher BMI, had more reproductive years, and were less likely to have attained a high school education compared with other groups. Differences in WHR across quintiles of age at menopause approached a statistically significant level (Table 1) .
During a median follow-up of 11.2 years, 3,158 women died. These deaths included 1,001 from all CVD (IHD: 236, stroke: 553), 246 from diabetes, 1,321 from all cancers (gynecological cancer: 174, digestive system cancer: 655, respiratory system cancer: 271), and 590 from other causes. Table 2 presents age-and multivariable-adjusted HRs of total and cause-specific mortality according to age at menopause. After adjustment for potential confounding factors, younger age at menopause (,46.64 years) was associated with higher risk of total mortality (HR (95%CIs) .03 years). All of these associations were statistically significant. However, the trend for increasing mortality with increasing or decreasing age at menopause was not significant for all cancers combined or for digestive system cancers.
In the multivariable models, younger age at menarche was associated with a trend of increased risk of mortality from all causes (Table 3) . Compared with women aged 15 years at menarche, HRs and 95%CIs were 1.09 (0.97, 1.23) for women aged ,14 years at menarche, 0.97 (0.86, 1.09) for women aged 14 years, 0.93 (0.83, 1.03) for women aged 16 years, and 0.94 (0.85,1.03) for women aged $17 years (P trend = 0.01). Younger age at menarche was also associated with mortality from stroke. Compared with women aged 15 years at menarche, HRs and (95%CIs) were 1.23 (0.93,1.62) for women aged ,14 years at menarche, 1.00 (0.75,1.33) for women aged 14 years, 0.99 (0.76,1.28) for women aged 16 years, and 0.87 (0.68,1.12 for women aged $17 years (P trend = 0.03). Younger age at menarche was also associated with mortality from diabetes. Compared with women aged 15 years at menarche, HRs and (95%CIs) were 1.27 (0.81, 1.99) for women aged ,14 years at menarche, 1.33 (0.88, 2.01) for women aged 14 years, 1.06 (0.72, 1.58) for women aged 16 years, and 0.84 (0.58, 1.23) for women aged $17 years (P trend = 0.02). On the other hand, younger age at menarche was associated with a trend of lower risk of mortality from respiratory system cancers. Compared with women aged 15 years at menarche, HRs and (95%CIs) were 0.74 (0.48, 1.14) for women aged ,14 years at menarche, 0.71 (0.47, 1.09) for women aged 14 years, 0.96 (0.67, 1.39) for women aged 16 years, and 1.15 (0.82, 1.61) for women aged $17 years (P trend = 0.01). Adjusted for age at study enrollment, BMI, WHR, education, occupation, income, regular exercise (met/hour/year), current smoking (yes/no), current alcohol consumption (yes/no), marital status, age at menarche, and number of live births. Table 3 . HRs (95%CIs) of age at menarche (years) with total and cause-specific mortality, Shanghai Women's Health Study.
Cause of death
Quintiles of age at menarche (years) Women with a longer reproductive span had a significant trend of increased risk of mortality from gynecological cancers after adjustment for potential confounding factors (P trend = 0.03, Older age at menarche was associated with higher risk of mortality from lung cancer (P trend = 0.02), and a similar association was observed among non-smokers (P trend = 0.02). However, no other statistically significant associations were found in the current study between the three menstrual history variables and mortality from breast, endometrial, colorectal, or gastric cancers (data not shown).
Discussion
Results from this large, prospective cohort study of Chinese women aged 40-70 years suggest that younger age at menopause was associated with higher total mortality. Early menarche was associated with higher risk of mortality from all causes, stroke, and diabetes, but with lower risk of mortality from respiratory system cancers. A longer reproductive span was associated with higher mortality from gynecological cancers.
Our result that early menopause increases total mortality is consistent with results from most previous studies on this topic [2, 4, 5, 17, 21] , which supports the hypothesis that early natural menopause is a general indicator of premature aging [22] . In line with results from studies in Western populations [9, 11, 23] , an inverse association between age at menarche and total mortality was also found in our study. Our findings that both late menarche and late natural menopause were associated with lower risk of total mortality adds further support to previous findings that women who are biologically younger than their chronologic age (have late menarche or late natural menopause) have lower mortality than women with an average age at menarche or natural menopause [23] .
In the Seventh-Day Adventist study in California, postmenopausal women were categorized into groups according to age at menarche (,12, 12, 13, 14, 15, .15) . Each increase in category of age at menarche was observed to decrease risk of stroke mortality by 9.6% (95%CI:0.4-18.6) after adjustment for BMI, physical activity, age at first birth, type of menopause, and use of HRT [11] . Similar to this finding, late menarche was associated with lower risk of stroke and diabetes mortality in our study. Many studies have shown that early menarche is associated with increased cardiovascular disease, possibly due to the increased body fatness in childhood [24] . Early menarche has also been associated with increased risk of diabetes in adults [25] , one of the main risk factors for stroke [26] . Consequently, the inverse association between age at menarche and stroke mortality could also partly be explained by the inverse association between age at menarche and diabetes risk.
Late menarche was related to high risk of mortality from respiratory system cancers in our study. Our results also indicated that lung cancer mortality contributed to this association. Studies examining late menarche and lung cancer risk have been inconsistent, indicating either no significant effect or decreased risk [27] [28] [29] [30] . To our knowledge, the association of late menarche with higher lung cancer mortality is a novel finding and needs to be confirmed in further studies. Adjusted for age at study enrollment, BMI, WHR, education, occupation, income, regular exercise (met/hour/year), current smoking (yes/no), current alcohol consumption (yes/no), marital status, age at menopause, and number of live births. Table 4 . HRs (95%CIs) of reproductive years with total and cause-specific mortality, Shanghai Women's Health Study.
Cause of death [3] . Although no significant association between age at menopause and gynecological cancer mortality was found in our study, we observed that having a shorter reproductive span was associated with lower risk mortality from gynecological cancers. It has been suggested that the inverse association between age at menopause and gynecological cancer risk is due to the cessation of cyclical ovarian hormone production at menopause [31] [32] [33] . The shorter the reproductive span, the lower the cumulative lifetime exposure to endogenous hormones would be in these women. Consequently, the reduction in circulating hormone concentrations might lead to a reduction in relative risk for gynecological cancers. The 'Ushaped' relationship between age at menopause and mortality from all cancers observed in the current study appears to be related to death due to an excess of digestive and respiratory system cancers among women with early age at menopause and an excess of gynecological cancers for women with late age at menopause. More studies are warranted to investigate the role of sex hormone in the etiology and prognosis of these cancers.
Strengths of this study include: the prospective design, the large population-based sample size, and the high response rates. In addition, the current study was restricted to women who had natural menopause and had never used HRT. The main limitation of this study is that ages at menarche and menopause were self-reported and may, therefore, be subject to recall bias. However, previous studies have reported that the recall of age at menarche and menopause is relatively accurate [34, 35] . In addition, although P-values for the trend tests were significant, many point estimates were not statistically significant and confidence intervals included 1.00. It should also be noted that our study involved multiple comparisons which may have led an increase of false positive findings (inflated type 1 error). Moreover, event numbers for some of the sub-group analyses were low, and thus, some results could have been due to chance findings. Furthermore, due to the differences in dietary and environmental exposures, the findings of our study may not be directly generalizable to other populations.
In summary, this study of Chinese women found inverse associations for age at menarche and natural menopause with total mortality and for age at menarche with mortality from stroke and diabetes. However, we found positive associations for age at menarche with mortality from respiratory system cancers, as well as for duration of the reproductive span with mortality from gynecological cancers. Our results demonstrate that women who experience early menarche or early natural menopause tend to have increased total mortality. Adjusted for age at study enrollment, BMI, WHR, education, occupation, income, regular exercise (met/hour/year), current smoking (yes/no), current alcohol consumption (yes/no), marital status, age at menarche, and number of live births. 
